Objective. Colorectal cancer patients want both timely access and high-quality care. The objective of this study was to explore relationships between quality indicators and access time intervals specific to colorectal cancer patients.
Introduction
Colorectal cancer is a highly prevalent cancer, and remains a common cause of cancer death, among North American adults [1, 2] . The care of patients with colorectal cancer involves processes of screening, diagnosis, staging investigation, treatment and surveillance. It involves specialists in surgery, radiology, pathology, radiotherapy and chemotherapy, as well as primary care practitioners and many others. One of the greatest challenges of such a complex care pathway is the provision of high-quality care in a timely fashion.
Various measures of provider or health system performance, commonly referred to as quality indicators, are used to document key aspects of care, help set priorities for medical organizations, enhance accountability and contribute to quality-improvement efforts. In some jurisdictions, the performance of quality indicators has become a criterion for reimbursement of clinical services. The usefulness of a given quality indicator as a true measure of quality care is largely dependent on the level of evidence supporting its ability to predict patient outcomes. Ideally, quality indicators would be supported by randomized control trial data. However, the reality is that many quality indicators currently in use are based on expert opinion regarding standards of care and are not clearly linked to patient outcomes [3] . As with many other diseases, quality indicators specific to colorectal cancer care have been proposed by panels of experts for several key points in the decision and treatment algorithm of these patients [4] [5] [6] [7] .
Timely access to cancer care has become an important metric of health services delivery. In Canada, 'wait-time guarantees' exist as part of the national approach to cancer care. Other countries have established similar initiatives in response to public concern regarding timely access to care. Although there is a lack of conclusive evidence linking longer access times with worsened recurrence rates or survival, timely access is clearly linked to patient satisfaction [8, 9] . Published consensus statements provide broad descriptions of the components of timely access to cancer care and propose benchmarks for these access time intervals [10 -12] . To date there have been no published access time benchmarks specific to colorectal cancer, nor any specific data examining the applicability of generic cancer access time benchmarks to colorectal cancer.
At a time when emphasis on quality and timely access coexist in many jurisdictions, there is little data examining the relationship between these two elements of care. In particular, several of the proposed colorectal cancer-specific quality indicators necessitate investigations or consultations which have the potential to lengthen the time to diagnosis, definitive surgery and/or adjuvant therapy.
Thus, the objective of this study was to describe both the timeliness and quality of colorectal cancer care, and explore relationships between quality indicators and access time intervals for diagnosis, surgery, chemotherapy and radiation therapy.
Methods
From February 2002 to February 2004, all patients undergoing surgery for primary colorectal cancer within a single health district were enrolled in a prospective consecutive cohort study. This health district consists of an urban and semi-urban community of 400 000 people, serviced by one tertiary hospital system and one community hospital, with a total inpatient bed capacity of 1500. The tertiary hospital also provides referral-based services for a total catchment area of 132 000 km 2 with a population of 1.8 million people. Data on demographic and clinical factors, diagnostic and treatment events and pathology reporting were prospectively collected using a comprehensive, standardized method involving patient interviews, chart monitoring and survey administration [9] . IRB ethics approval was granted for this project (CDHA-RSA/2002-305).
Given the purpose of this study, patients who underwent surgery on an urgent basis after admission through the emergency department with a new diagnosis of colorectal cancer were excluded from the cohort used for analysis because the clinical status of these patients necessitated rapid action, outside the usual processes of referral, investigation and treatment. On the other hand, patients who initially presented to the emergency department and whose work-up lead to the diagnosis of colorectal cancer and surgery at a later date were included in the current analysis.
Quality indicators
The following colorectal cancer-specific quality indicators were selected a priori for examination in this study. They were selected because they are consistently proposed in the published literature [4] [5] [6] [7] , measurable through available healthcare databases and/or chart review, and were felt to be the quality indicators most likely to have an impact on timely access to care.
( with Stage II, III or IV rectal cancer. The following definitions were used a priori to classify the available data regarding quality indicators. A diagnosis was considered to have been made on screening if the modality used to make the diagnosis was initiated without prior symptoms or signs suggestive of colorectal cancer. Preoperative colonic examination was considered complete if a full colonoscopy, or a combination of sigmoidoscopy and contrast enema, were performed. The presence of margin status data in the pathology report were dichotomously classified ( present vs. absent). For the rectal cancer patients with a positive margin status in the original cohort database, original pathology reports were reviewed again to determine whether this consisted of a positive distal or radial margin.
The following quality indicators from the literature were not analysed in this study due to a lack of data: 5-year survival rates, local recurrence rates, anastomotic leak rates, total mesorectal type dissection rates, degree of nerve preservation and 1-year surveillance colonoscopy.
Access time intervals
Access time intervals for cancer care have been benchmarked in several jurisdictions [10 -12] . On the basis of the aggregate of existing benchmarks, we chose the following as benchmarks time intervals for this study: 4 weeks from presentation to definitive diagnosis; 4 weeks from diagnosis to surgery; and 8 weeks from surgery to adjuvant therapy.
In order to evaluate these time intervals within the studied cohort, several a priori definitions were necessary. Presentation date was defined as the date of the patient's first contact with the healthcare system directly addressing colorectal cancer presentation. For some, this was a screening physical exam including digital rectal exam, faecal occult blood testing or screening colonoscopy. For others, it was a physician visit regarding symptoms or an abnormal blood test result. The date of definitive diagnosis was the date on which definitive endoscopy or imaging studies were conducted. In cases where a suspicious barium enema was followed by confirmatory endoscopy, the date of the barium enema was used as the date of diagnosis. The start of chemotherapy or radiation was defined as the date of initial therapeutic administration. For rectal cancer patients who received preoperative radiotherapy, the interval from diagnosis to surgery was adjusted for 10 weeks of 'therapy' time to account for the delivery of radiation and an obligatory recovery time prior to surgery. This adjustment was made to provide a better estimate of the true system-related access time intervals for these patients.
Analysis
Several continuous variables were transformed into categorized variables. Age was categorized to identify the group of early cancers (,50 years of age-the age at which 'average risk' screening begins) and to divide the remaining cohort members into approximately equal-sized groups. The colorectal cancer tumour location was classified into three categories (right, left and rectum) based on the surgeon's description of location in dictated reports. Rectal cancer was defined as any lesion arising within 16 cm (6 in.) of the anal verge on endoscopy. Surgeons' colorectal cancer caseload was categorized around a threshold of 20 cases per year based on literature that indicates this is a reasonable yearly caseload to maintain surgical skill in complex colorectal cases [13, 14] . Charlson Comorbidity Index was categorized using a standard cut-off of 5, defining groups of patients with 'mild' versus 'moderatesevere' comorbidities [15] . Postoperative length of stay (LOS) was categorized using a cut-off value of the 75th percentile for days spent in hospital.
The proportion of patients seen appropriately by medical or radiation oncologists was calculated with a denominator including all patients who qualified for consultation according to the criteria listed above, and a numerator consisting only of those patients who were actually seen.
Descriptive statistics were generated regarding clinicodemographic factors, performance of quality indicators and achievement of benchmarked access time intervals between presentation, diagnosis, surgery and adjuvant therapy. Relationships between factors in each of these three data groups were first analysed using univariate logistic regression. The results of this univariate analysis are not presented in this paper but all factors were included in the subsequent multivariate analyses.
The first part of the multivariate logistic regression was to analyse associations between clinicodemographic factors and performance of quality indicators. For quality indicators pertaining to diagnosis, staging, pathology and mortality, the following factors were analysed: age, gender, body mass index (BMI), Charlson Comorbidity Index, surgeon caseload, hospital type, presentation type, tumour location and TNM stage. For the quality indicators of medical and radiation oncology consultation, LOS and preoperative radiotherapy were added to the model. Due to redundancy of data or obvious interactions, particular variables were excluded from particular analyses:
(i) Presentation type was excluded from all analyses of the 'Diagnosis made on screening' quality indicator. (ii) Given that the definition of appropriate medical oncology consultation was inherently dependent on TNM stage, this factor was not included in analysis of this quality indicator. (iii) Given that the definition of appropriate radiation oncology consultation was inherently dependent on tumour location and TNM stage, these factors were not included in analysis of this quality indicator.
Finally, each benchmarked access time interval was analysed using multivariate logistic regression with clinicodemographic factors and quality indicators included as categorical variables. For the access time interval presentation-to-diagnosis, factors included in the analysis were: age, gender, BMI, Charlson Comorbidity Index, surgeon caseload, hospital type, tumour location, TNM stage and the quality indicators of diagnosis made on screening, preoperative staging imaging, preoperative full colon examination and perioperative mortality. For the access time interval diagnosis-tosurgery, all of these factors were included in the analysis, plus preoperative radiotherapy. For the access time interval surgery-to-adjuvant therapy, multivariate analysis incorporated all of these factors plus LOS, and the quality indicators pertaining to pathology reporting. The quality indicators regarding negative distal margin status was excluded due to the very small number of patients [2] affected by this criteria. Quality indicators regarding appropriate medical and radiation oncology consultation were not included as all patients who received adjuvant therapy had been seen by the corresponding oncologist.
For access time intervals presentation-to-diagnosis and diagnosis-to-surgery, additional multivariate analyses were performed, including only patients who qualified for medical or radiation oncology consultation by the criteria outlined earlier. In these analyses, the quality indicators pertaining to appropriate medical or radiation oncology were included in the multivariate model.
All analyses were performed using SPSS 15.0 (Chicago, IL, USA).
Results

Demographics
There were 455 individuals included in the prospective database of patients undergoing colorectal cancer surgery within the study time period. Sixty-three of these underwent urgent surgery after having presented to the emergency department with severe symptoms, and were excluded, resulting in a final cohort of 392 patients.
Demographic characteristics of the study cohort are summarized in Table 1 . Of note, 49% of patients were over 70 years of age, 34% were obese (BMI 30 kg/m 2 ) and 19% had moderate-severe comorbidities using the Charlson Comorbidity Index. Table 2 summarizes the performance of quality indicators within the study cohort. Most notably, preoperative staging imaging was completed in only 53% of patients, preoperative colonic examination in 75% and 12 lymph nodes were examined in only 45% of patients.
Quality indicators
Results of the multivariate analysis of factors associated with the performance of quality indicators are contained in Table 3 . Colorectal cancers diagnosed on screening examination tended to be earlier stage tumours and to occur in younger patients. Preoperative staging imaging was completed more often for patients with rectal cancer and those with advanced disease, and was also completed in the community hospital more often than in the tertiary care hospital. Preoperative full colon examination was completed most often in patients cared for by surgeons with a high colorectal cancer case load and least often in patients with rectal cancer. In terms of the pathological examination of 12 lymph nodes, there was significant disparity between the tertiary and community hospitals. Appropriate radiation and Missing data points result in category total less than the total sample size.
medical oncology consultation appeared to occur less frequently among older patients, females and those with morbid obesity. Multivariate analysis of the quality indicators regarding pathology reporting of margin status, negative distal margin status among rectal cancer patients and perioperative mortality did not reveal any associated clinicodemographic factors.
Access time intervals
Median time intervals for access to diagnosis, surgery, and adjuvant therapy are summarized in Table 4 . The achievement of benchmarked access time intervals ranged from 35 to 51% with a median time interval from presentation to diagnosis of 51 days, a median time interval between definitive diagnosis and surgery of 28 days, and a median time interval from surgery to adjuvant therapy of 60 days.
On multivariate analysis (Table 5) , the access time interval from presentation to diagnosis was shorter among those who had a diagnosis made on screening and those who suffered perioperative mortality. Achievement of the benchmark for the diagnosis-to-surgery access time interval was associated with a lack of preoperative staging imaging, colonic rather than rectal lesions, more advanced disease stage and, among rectal cancer patients, with not having had preoperative radiotherapy. The benchmark for time from surgery to adjuvant therapy, among appropriate patients, was achieved more often in those patients who had not undergone preoperative full colonic examination and those who did not have a prolonged LOS in hospital postoperatively.
Discussion Demographics
The cohort of patients studied here are typical of current trends in North American healthcare-they tended to be older, obese and have multiple co-morbidities. These factors were associated with the performance of several quality indicators but did not appear to be related to achievement of benchmarked access time intervals. Other clinicodemographic factors, such as distance from home to hospital, education level and frequency of visits to a primary care physician, may be more closely related to access time intervals but were not captured by the prospective data collection methodology used in the current study.
Quality indicators
High-quality care is the primary goal of health-care professionals, administrators and policy-makers. The Institute of Medicine has defined 'quality' as it pertains to healthcare as the extent to which health services for individuals and populations increase the possibility of desired health outcomes and are consistent with current professional knowledge [7] . Measuring quality requires indicators that are reliably measureable, consistently defined and (ideally) closely linked to improved patient outcomes. In general, the available quality indicators for colorectal cancer care, as well as other types of cancer, have been defined by various review committees and, although prospective healthcare databases are being developed and used more widely, are not yet based on prospective data. We were able to gather quality indicator information on 100% of the current cohort but performance of quality indicators among the cohort was highly variable, ranging from 10 to 98%. This is similar to the findings of the National Initiative for Cancer Care Quality in the USA, who found 50 -93% performance of quality indicators among 478 colorectal cancer patients [16] .
The low rate of diagnosis on screening examination (9.9%) is similar to rates in the literature [17] . Organized colorectal cancer screening programmes have been shown to increase the number of colorectal cancer diagnoses and decrease the stage of colorectal cancer on diagnosis [18] but no such programme was in effect at the time of this study.
The rate of preoperative staging imaging in this cohort (53%) is below that reported by others [19] . In this study cohort, those cared for in the community hospital were more likely to have preoperative staging imaging than those cared for in the tertiary care hospital-perhaps indicating a local access issue. Not surprisingly, patients with rectal tumours and higher stage lesions were also more likely to have undergone preoperative staging imaging.
Preoperative colonic examination was completed in 75% of patients, with no comparable values available in the literature. On multivariate analysis, patients who were cared for by a high-volume surgeon were more likely to have undergone preoperative colonic examination-perhaps reflecting easier access to endoscopic services. Patients with a higher comorbidity index were more likely, whereas those with rectal lesions were less likely, to have undergone colonic examination. There is no clear explanation for these findings, although it may be hypothesized that a surgeon would be more interested in ruling out synchronous lesions preoperatively in a patient with severe comorbidities and that endoscopists may hesitate to perform complete bowel preparation and examination in larger rectal tumours. Examination of at least 12 lymph nodes was included in the pathology report of only 45% of this cohort's patients. This is comparable to the 37% adequate lymph node evaluation rate reported by Baxter et al. [20] . The perioperative mortality rate in this cohort (3.8%) is also comparable to that reported for open colectomy in recent clinical trials, which ranges from 0 to 4.9% [21] .
Of patients who qualified for medical oncology consultation in the current cohort, only 55% (163/296) were seen by a medical oncologist and 37.5% (111/296) received chemotherapy. This compares somewhat unfavourably with the literature where 70% of eligible patients were seen by a medical oncologist and 40 -66% of eligible patients received adjuvant chemotherapy [22 -26] . In terms of radiation oncology consultation, 63% (75/119) of patients in this cohort who qualified were seen by a radiation oncologist. This compares with the literature where 44 -64% of eligible patients received radiation therapy [22, 26, 27] . On multivariate analysis of our cohort, medical oncology consultation was significantly related to younger age and rectal tumour location. Appropriate radiation oncology consultation was less likely among females and patients with morbid obesity. Further study is required to elucidate the barriers to medical and/or radiation oncology consultation and receipt of adjuvant therapy in colorectal cancer patients.
Access time intervals
Overall, only 35% of patients achieved the 4-week benchmark for the access time interval from presentation to diagnosis. Over 30% of patients in this study waited more than 3 months between documented presentation (with symptoms or abnormal findings on physical examination or laboratory investigation) and definitive diagnosis on imaging or endoscopy. This 'pre-diagnosis lag time' is recognized as one of the most difficult to address because it involves many aspects of the healthcare system-primary care physicians, laboratories, endoscopy resources, radiology resources, etc. Given the non-specific nature of colorectal cancer symptoms, many patients must be investigated for each cancer found. For instance, only 6% of patients presenting with irondeficiency anemia had a colorectal cancer on investigation [28] . In response, several jurisdictions have developed referral guidelines and target wait-times, as well as continuous monitoring and reporting of benchmark achievement such as is being done by Cancer Care Ontario (website: www.csqi. cancercare.on.ca). However, several authors have found that a significant proportion of patients diagnosed with cancer did not fall within these guidelines, nor were they provided care within the target access time [29, 30] . The finding that patients with rectal cancer were less likely to achieve the 4-week benchmark for diagnosis-to-surgery than those with colon cancer is concerning, particularly because it was independent of the factors of preoperative staging workup and preoperative radiation therapy. Similar findings-that there are longer delays in the treatment of rectal cancer patientshave recently been reported from Denmark [31] but the patient, physician and systemic factors contributing to this finding have not yet been clearly delineated.
Preoperative staging imaging was associated with a reduced likelihood of meeting the 4-week benchmark from diagnosis-to-surgery. To our knowledge this finding has never been previously reported. In discussion with surgeons in our district and others across Canada, this finding reflects their experience, particularly in the earlier days of CT scanning-that the usefulness of preoperative imaging must be balanced against the delay it can create in surgical booking. There may be other factors contributing to a delay in the diagnosis-to-surgery time interval that have not been captured by the current data set. These may include variation in length of waiting lists, inpatient bed availability and mechanisms for preoperative b Rectal cancer patients who received preoperative radiation therapy had their 'Definitive diagnosis to surgery' access time adjusted for a presumed 4 weeks of radiation therapy and 6 weeks of mandatory waiting time between completion of radiation therapy and surgery. If their total wait time was less than 10 weeks (i.e. they never completed radiation therapy) their original total access time was used. assessment by anesthesia specialists, among others. Further study and streamlining of such factors is urgently needed to improve access times.
Preoperative radiation therapy was associated with a longer access time interval from diagnosis to surgery, even after adjusting for 10 weeks of therapeutic time. On closer examination of the data for the 30 patients who received preoperative radiation, 21 (70%) waited more than 4 weeks from diagnosis to start of preoperative therapy. Only 4 (13%) waited more than 4 weeks from the end of the 10-week preoperative therapy time till undergoing surgery. This suggests that the majority of the delay between diagnosis and surgery in these patients occurs whereas they wait for preoperative therapy. This finding is similar to that of a recent study from the UK, where a delay in starting preoperative chemoradiation was the most common reason for failure to achieve target wait-times for surgery [30] .
The independent relationship between preoperative full colonic examination and the access time interval from surgery to adjuvant therapy is difficult to explain. There must be factors, perhaps unique to the healthcare region, which are influencing this relationship and have not yet been identified.
The limitations of the current study include its modest sample size, use of data from only one geographic region, and inability to examine several important quality indicators due to a lack of data. To this end, we are currently examining the relationships between quality indicators and access time intervals in the entire province of Nova Scotia using administrative and cancer registry data. However, collection of specific quality indicator and access time interval data in a larger multicentre prospective study could better answer questions such as:
(i) Is the presence of a structured colorectal cancer screening programme associated with improved performance of quality indicators and achievement of benchmarked access time intervals? (ii) Is the availability of imaging facilities truly a significant factor in achievement of benchmarked access time intervals from diagnosis to surgery? (iii) What factors act as barriers to the performance of preoperative staging imaging and colonic examination? (iv) Can the finding of a longer delay to treatment among rectal cancer patients be generalized to other healthcare systems and, if so, what factors contribute to this delay? (v) Most importantly, are there associations between quality indicators, access time intervals and outcomes such as cancer recurrence and 5-year survival? For the cohort included in this study, follow-up data including recurrence and survival outcomes are currently being collected and will be the subject of future publications.
Finally, patients' perceptions regarding the quality of cancer care and access to cancer treatment may influence patient satisfaction more than objectively measured quality indicators and access time intervals [32] . Data regarding such perceptions were not collected in the current study but should be further investigated to better define quality, timely cancer care.
Conclusion
In summary, there was variable performance of quality indicators specific to colorectal cancer among this cohort of patients. The majority of patients failed to achieve benchmarked time intervals for access to care. The relationship between achievement of quality indicators and benchmarked time intervals was complex and multifactorial. Patients achieving the 4-week benchmark from presentation to diagnosis were most likely to have had their diagnosis made on screening examination. Patients achieving the 4-week benchmark from diagnosis to surgery were less likely to have undergone preoperative staging imaging of their liver and/or pelvis. Patients achieving the 8-week benchmark from surgery to start of adjuvant chemotherapy were less likely to have undergone preoperative full colonic examination. It is therefore clear that quality care and timely access are not synonymous, and that both must be studied to improve colorectal cancer care.
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